The Sumampa River in Mampong-Ashanti in Ghana is a very important river that supplies water to the water processing company for treatment for the whole community and its environs. In spite of its importance, the buffer area of the river has been encroached by settlers. Residential houses sited along the river have channeled their waste water into the river and several anthropogenic activities go on along the river. Therefore, this study was conducted to assess the effects of anthropogenic activities on the quality of the river. Water samples were collected from various parts of the river including the source and outflow for physico-chemical and microbial analyses. The results showed that, the water was highly turbid with high total dissolved solids at some points because of intense anthropogenic activities. High turbidity and total dissolved solids greatly influence the microbial load of the water. We therefore recommend that measures are put in place to protect the Sumampa River through the creation of a buffer zone by planting trees along the banks of the river. The trees could help detoxify the run-off water that flows into the river.
access to portable water make frequent visits to rivers to collect water for domestic use during dry seasons or when there is erratic water supply [2] . The supply of sanitized freshwater is thus an inevitable factor for human economic development [3] . Nevertheless, these rivers and streams can be a major threat to human health as well as the aquatic ecosystem if they are polluted [4] [5] [6] . Unprecedented human growth and rapid economic development has resulted in an increased encroachment on water bodies. Encroachers of water bodies engage in anthropogenic activities that include washing, farming, building roads and houses, mining and clearing of the vegetation along the water. These anthropogenic activities result in waste generation and pollution of the water bodies.
Though rivers and streams are naturally polluted to a certain degree, human interferences are exacerbating the quality of water. These interferences do not only impair the use of water bodies for domestic activities but they also affect the ecological quality of the rivers [7] [8] [9] and their catchment.
Agriculture is one of the major anthropogenic activities found to immensely alter aquatic ecosystems. It has been shown that riparian zones play a key role in stream non-point nutrient and pollution reduction; yet, these zones are replaced by farmlands [10] . This makes the land prone to inundation, washing sediments and chemicals such as fertilizers, fungicides, pesticides and herbicides from the farmlands into river bodies [11] [12] . The nitrates and phosphates in these chemicals invariably cause eutrophication [13] [14] , which then affect the aesthetics of the area. The subsequent death and microbial decomposition of the highly dense algal blooms drastically depletes dissolved oxygen (DO), creating a hypoxic or anoxic "dead zone" that lacks sufficient oxygen to support most organisms [15] [16] . This results in an increase in organic loads leading to an increased biochemical oxygen demand (BOD) [2] [17] because their oxidative breakdown requires oxygen. This causes aquatic organisms to become stressed, suffocate and eventually die.
In addition, sediments loads which are washed into streams and rivers increase the total suspended solids (TSS) and total dissolved solids (TDS) causing turbidity of the water. This affect aquatic life by reducing sunlight penetration, damage spawning grounds and also causes toxicity through increase in salinity and changes in the ionic compositions of the water [18] [19] . These suspended solids can also suffocate or expose benthic organisms to hazardous concentration of toxic chemicals leading to their extinction [20] [21] . Pollution of water bodies with these myriads of contaminants has the potential to cause pH alteration. Most of the metabolic activities of aquatic organisms are pH dependent; therefore, a highly acidic or alkalinity affects their ability to regulate basic lifesustaining process [19] [22] . Previous studies have shown that, low pH harms immature fish and also speed up the leaching of heavy metals [13] .
Other sources of water pollution in rivers include various industrial discharge, domestic waste; indiscriminate throwing of pathological and commercial wastes, open field defecation, improper disposal of animal waste, animal grazing in water catchments etc. [1] [23] [24] . These human engagements cause microbial po-llution by introducing faecal and parasitic larvae into the water via runoff [25] .
Faecal coliforms and intestinal enterococci are good indicators for assessing faecal pollution [26] ; their presence in water may indicate recent contamination by human sewage or animal droppings [27] . Drinking of such water poses threat to human health because it is known to cause various enteric infections. In addition, local communities along river bodies usually bath and wash their clothes along the river course while others use the banks as dumping sites [23] [28] . Introduction of the detergents and the influx of leachates from the dumping sites find their way into the river water and deteriorate the quality of the water.
Rivers have self-purification capability when they are deluged or adversely affected by human activities; however, at certain pollution levels, purification becomes almost impossible [29] . This means that rivers should be properly managed and constantly checked to prevent the water from deteriorating so as to retain their capacity to supply good quality water [5] [30] .
Sumampa is one of the rivers in Mampong-Ashanti that supplies the water processing company in the area with water for treatment and also serve as a so- The story of the river is different today because there has been so much encroachment on it. The once very big and important river with high water volume all year round has reduced drastically into a stream. A lot of human activities such as building, washing and farming go on along the catchment of the river, thereby exposing the river to a lot of pollutants. The vegetation cover along its banks has been removed at various points. The wetlands along the banks have been used for buildings and fish farming at some points. Therefore, this study was conducted to assess the effects of anthropogenic activities on the quality of the Sumampa River in the Mampong Municipality.
Materials and Methods

Sampling, Handling and Transportation of Water Samples to the Laboratory
A study was conducted on the Sumampa River from October 2014 to January 2015 in Mampong-Ashanti in the Mampong Municipality of Ghana. For the purpose of the study, the river was stratified into 5 different points starting from a place close to the source along the direction of flow of the water body to a point close to the Mampong water treatment station where the river is dammed with other water bodies for treatment. The water sampling points were coded as SU1, SU2, SU3, SU4 and SU5. At each sampling point, 12 water samples were collected over 12 consecutive weeks resulting in a total of 60 water samples over the study period (Oct. 26, 2014 to Jan. 11, 2015) . To keep the samples sterile, the sample collector wore nitrile gloves (Beaucare Medical Ltd, North Yorkshire, UK) and a nose mask (Kwalitex Healthcare Pvt Ltd, Maharashtra, India). Each sample was collected into a sterile 750 ml plastic bottle, labelled and kept on ice for transport to the laboratory for analysis. Sampling was done between the hours of 6:00 and 9:00 each week.
Laboratory Analysis Conducted on the Samples
Physico-chemical analysis conducted on the samples were; measurement of pH level, determination of turbidity, total dissolved solids (TDS), total hardness and concentration of calcium, magnesium, potassium, sodium and nitrate in the water samples. Microbial load such as total coliform and faecal coliform were also analysed.
The physico-chemical indicators such as pH and turbidity were measured using pH meter and turbidity meter respectively. The gravimetric method of analysis was used to determine the total dissolved solids (TDS) in the water samples while the titration method of analysis was used to determine the total hardness. Potassium, sodium, nitrate, calcium and magnesium were also determined using a flame photometer (Keison Products, Chelmsford, Essex, England). All parameters were measures 12 times. For the determination of the TDS, 100 ml of a well-mixed water sample was filtered using a standard Whatman® filter paper (VWR International Ltd, Leicestershire, England). An evaporating dish which has been heated in an oven at 180˚C for one hour and placed in desiccator was weighed (x) and transferred into a steam bath on a hot plate. The 100 ml filtrate from the filter flask was transferred into the evaporating dish and evaporated to dryness. The evaporating dish residue was transferred to a drying oven where it dried at 180˚C until a constant weight (y) was attained. The TDS was calculated using Equation (a).
The direct colorimetric titration method was used to determine the total hardness of the water samples [31] . Fifty millilitres (50 ml) of the water sample was pipetted into an evaporating dish after which 0.5 ml of buffer solution was added to it. Six drops of indicator solution was then added and stirred to get the colour of the water turn red. The titration was done by adding the titrating solution slowly to the sample from the burette with constant stirring till there was a colour change from red to blue. The endpoint value from the burette was then taken. The total hardness was calculated using Equation (b).
The concentrations of potassium, sodium, nitrate, calcium and magnesium were determined with a flame photometer (Keison Products) following [32] and [33] .
Microbial Analysis
The total and faecal coliform content in the water samples were determined using the Most Probable Number (MPN) method of microbial analysis. Serial dilutions of 10 -1 to 10 -6 were prepared by packing 1 ml of the sample into 9 ml sterile distilled water. One millilitre aliquots from each of the dilutions were inoculated into 5 ml of MacConkey Broth (Oxoid, Thermo Fisher Scientific Inc., UK) incubated at 35˚C for total coliforms and 44˚C faecal coliforms for 18 -24
hours. At the end of the incubation, the samples were observed and the tubes showing colour change from purple to yellow after the 24 hours incubation were identified as positive for both total and faecal coliforms. Counts per 100 ml were calculated from the Most Probable Number (MPN) table.
Data Analysis
After the physical and chemical properties and the microbial load of the twelve water samples collected at each of the five sampling points along the river were determined as explained above, the data obtained was subjected to analysis of variance (Minitab version 17; Minitab Inc., State College, PA) to determine statistical differences in the physico-chemical properties and microbial load at each section. Where significant differences were observed, the analysis was followed by Tukey's test (Minitab). The total coliform of SU1 ranged from 0.03 × 106 to 45.00 × 106 mpn/100 ml of water (n = 10) with a mean total coliform of 22.97 × 106 ± 5.70 × 106 and median of 27.05 × 106 mpn/100 ml of water. The total coliform of SU2 ranged from 0.02 × 106 to 27.50 × 106 mpn/100 ml of water (n = 10) with a mean total coliform of 13.05 × 106 ± 3.69 × 106 and median of 8.90 × 106 mpn/100 ml of water. At SU3 the total coliform ranged from 2.55 × 106 to 89.00 × 106 mpn/100 ml of water (n = 10) with a mean total coliform of 16.28 ×106 ± 8.8 × 106 and median of 5.13 × 106 mpn/100 ml of water. The total coliform of SU4 ranged 14 × 106 ± 2.68 × 106 mpn/100 ml of water and the median was 2.75 × 106 mpn/100 ml of water (Figure 1(b) ). There were no significant differences in both the total coliforms (F = 0.37, d.f = 4, P = 0.826) and faecal (F = 0.45, d.f = 4, P = 0.775) at the five respective areas of sample collection.
Results
Analysis
Discussion
A good quality drinking water should be clean, colourless and devoid of all forms of pollutants [34] [35] [36] but the same cannot be said of Sumampa River. Findings from our study indicate that the total hardness along the Sumampa River was significantly high. Particularly, water at SU4 and SU3 were consistently harder than water at the other sampling point. This observation is not surprising because, SU4 and SU3 had high Ca 2+ and Mg 2+ concentrations. It is known that high concentrations of Ca 2+ and Mg 2+ contribute to hardness of water [37] . Indeed, there were a lot of human settlements at the catchment and buffer zones of the river at SU3 which results in the influx of household wastewater into the river. At SU4, there was farming along the banks of the river and so agrochemicals might have leached into the river and polluted it.
The number of households around SU3 also affected the turbidity of the water at that point. Increase in waste materials in the water increased the turbidity.
The turbidity of SU2 was highest probably because of continuous disturbance of the water by children who play in it. The point was also with a lot of physical pollutants from the community. In fact, a number of households have their drains directed into the water body at this point. SU1 had a relatively high turbidity because households close to that point fetch water there but they have to step in the water before fetching, thereby disturbing the water and making it turbid. Moreover, water tanker drivers draw water from SU1 for sale and vegetable farmers close by also pump water from this part of the water body to water their crops. These activities contribute to the turbidity of the water. Although SU4 was the hardest of water from all the sampling points, it was less turbid because there was minimum disturbance to the water at that point and anthropogenic activities were almost zero. It is worth noting that turbidity was below the acceptable limit set by Canada for drinking water (5 NTU) at all sampling points, but higher than 1NTU which is the USA standard for drinking water [38] . However, since there was some amount of turbidity recorded, it implies that there could be some pollutants and microbial load in the water [39] [40] .
As expected, areas with high turbidity had high total dissolved solids. SU2, SU4 and SU1 had the highest turbidity as well as the highest total dissolved solids. These are strongly linked to the anthropogenic activities that go on in these areas. There is therefore the need to take measures that would reduce activities that impact negatively on the river. To make the community spearhead and own the responsibility of keeping the river clean, the Municipal assembly and the traditional authorities could initiate activities that will be supported by the whole community to help reduce pollution or bring it to a drastic minimum to save people from any form of disease especially those that take the untreated water home for domestic activities and drinking. A clean and good quality Sumampa is very important because it is one of the major sources of domestic water for the people of Mampong and its environs.
The mean phosphate value of 0.05 mg/l detected was relatively high. This suggests that farmers and households along the riverbank from upstream to downstream may have been using N-P-K fertilizer which likely leaches into the water especially during rainy seasons. The phosphate level in the water is especially high at SU5 which has vegetable farms at the banks which slopes down towards the river. Activities of farmers such as irrigation, fertilizer, pesticide and herbicide application likely increase pollutant levels in the water. In spite of the pollutants in the water, the mean pH at the various sampling points along the river were within the acceptable pH limits of 6.5 -8.5 set by the EPA and WHO [41] .
There were variable microbial loads along the river which suggests that activities that result in pollution were variable along the river. Indeed, open drains were channeled into the river at some points and these contributed to the variability of microbial load along the river. The microbial load at each of the sampling points was dependent on the period of sample collection and the activity carried out at that particular part of the river.
Conclusion
This study investigated the effect of anthropogenic activity on the quality of the Sumampa River. To do this, water samples were collected at various section of the river and their physico-chemical properties and microbial load were analysed. The analysis indicated that, sections of the river near settlements were highly turbid. We could therefore infer that where human settlements were high along Sumampa River, anthropogenic activities affecting the river were high and these resulted in high turbidity and high total dissolved solids. High anthropogenic activities come with pollution. It is therefore incumbent on the municipal assembly to put measures in place to protect the Sumampa River by creating a buffer zone for it through tree planting along the banks of the river. The trees could help detoxify the run-off water that flow into the river from the buffer zone. Aside detoxification of the river, a buffer zone will protect the river from human activities that have the potential to impact negatively on it. The resultant effect will be reduction of pollution levels in the water. We therefore recommend that, the municipal assembly liaise with the water company to educate communities along the river on the importance of a buffer zone to the river and emphasize the potential dangers associated with destructions of the river to the populace.
